In the DC motor speed control system based on MK100N512ZLL10 micro controller, the duty cycle of DC motor depends on the micro controller module FTM PWM output, thereby control the car's speed indirectly. The speed is detected by the encoder and then fed back to the microcontroller, and micro controller gives the corresponding control pulse according to the corresponding situation. To make the smart car quickly and smoothly running through the entire process, we analyze the speed of encoder feedback and set appropriate PID parameters to adjust the corresponding pulse to control operation of the DC motor. Finally, the mathematical model of speed control system is constructed, and by the Matlab simulation experiment we give real-time control parameters according to actual running situation to make the whole system more reasonable and effective to control the smart car run fast and smoothly.
Introduction
In the intelligent tracking car design based on MK100N512ZLL10 micro controller, as the main module of the intelligent car, DC motor speed control system controls the car to adjust the speed smoothly in a wide range. DC motor control signal PWM is a rectangular wave signal output by the FTM counter module of microcontroller, changing the DC motor duty cycle to control the speed of the car. The micro controller needs to obtain the real-time speed to make decisions for the state of the car in next stage. The system uses two incremental encoders to obtain the speed of detection and feed it back to the microcontroller, which adjusts PID parameters according to the running condition to control the car to run with smart and steady speed changes. In the system, we use the H bridge circuit based on the MC33886 chip as a direct current to drive circuit, which can be more efficient to control the motor running [1] .
System Principle and Mathematical Modeling Speed Control System Theory
Motor RN-260 used by system is a DC motor with small power, inside of which fixed a ring-shaped permanent magnet, and the rotor rotational force comes from the Lorentz force generated by an energized coil, such as the [2] . Due to the small power of the motor, the speed of the PWM can be adjusted to obtain higher efficiency. The control pulse PWM of DC motor is a kind of rectangular wave pulse with adjustable width. Pulse width adjustment means changing the duty cycle of the PWM according to requirements. The duty ratio and the instantaneous sampling value is proportional to the encoder, which can change the voltage of DC motor armature voltage value, and then the average motor hair changes so that the condition of the car and the rotation of the motor is consistent, making the motor speed, steering and stopping can be controlled in real time. The rotation process will produce deviation making the speed of the car not stable resulting in swing phenomenon, which is because that in order to get better control, the system adopts a method of closed-loop speed control, however, this kind of method is easy to produce deviations so that the car shakes. Using PID control algorithm to adjust deviation can make the car run as smoothly as possible.
Mathematical Model Building
DC motor speed control system simple circuit model is shown in Figure 1 , and the voltage in circuit expressed by the formula (1). In the system, the motor torque is proportional to the armature current. When the motor loads, in order to keep the balances of torque, DC motor needs to overcome the electromagnetic torque, including load torque and damping torque, friction damping and mechanical load is generated, and the motor armature resistance friction, the hysteresis and eddy current generated by torque motor in rotating machinery. Finally, it is necessary to create an acceleration of inertia load to guarantee the torque balance, the balance formula (2).
In type: J-moment of inertia, kg.m 2 ; Ri-fixed resistance value,; Ki-electromagnetic torque constant; Kn-resistance torque coefficient. From (1) (2)
By (3) (4) can get the system speed and current changes.
Hardware Design

System Design
The DC motor speed control system is shown in Figure 2 . The PWM and the drive circuit are the keys to the operation of the whole system, to ensure the normal and reliable operation of the color PID controller system, suitable PID control parameters of servo motor and debounce, making the car more stable, as described in the literature [3] . The drive module controls the DC motor to start stop speed according to the PWM signal, indirectly controls the car's driving conditions. When driving, the car can adjust driving speed automatically according to different road condition, the speed cannot be obtained directly from the micro controller, so the encoder is used to detect the car speed and then feeds it back to the microcontroller, and then the microcontroller control pulse, and use the PID controller to control the car's stability, making the car drive the specified road in the shortest time. 
DC Motor Drive Circuit
System DC motor drive circuit usually has two options, one is based on the BTS7960 chip, and the other is based on the MC33886 chip, as described in the literature [4] . BTS7960 is a half bridge circuit driver chips, and each driving a DC motor takes two chips, with highest current chip load of 43A, small internal resistance bad cooling effect and slightly higher price. In contrast, MC33886 has better performance of motor drive chip, the highest load current which of is 5A, the price of which is about half of that of BTS7960. With internal logic control, charge pump, gate driving and low read strobe in it, MC33886 is an integrated full bridge circuit chip, only taking one chip to drive a DC motor as shown in [5] document, and it can load pulse PWM with high frequency, reaching up to 10kHz but a little disadvantage of which is the resistance is large, so the heat is large, such as the literature [6] . In practical application, for higher driving capability, the two chip parallel double axles drive circuit as the drive circuit of DC motor, thus achieved higher drive capability. At the same time we improve the performance, chip heats and colds, and this is because the internal resistance and the wiring of two chips are not exactly the same, because they cannot completely conduction current flowing through each chip is not the same, so PWM cannot guarantee the synchronization, current flows through the two chip as a chip can solve the cold hot issues.
Encoder Speed Principle
The E6A2-CS3E encoder of system used to detect the speed of the car is an incremental encoder. The absolute encoder can also be selected, but it encodes absolute values with slow efficiency, a limitation of measuring range, and a higher price and because of high speed of DC motor in system, using absolute encoder will result in distortion. The incremental encoder is the value of the sample before and after the two values of the difference between the coding speed is fast, matching the motor speed, so in the system using incremental encoder speed detection, as described in the literature [7] . The working principle of the E6A2-CS3E is shown in Figure 3 , the value of the output waveform S0:S1:S2 is not influenced by the angle encoder Duo changes, and always same as the actual ratio of waveform. During the rotation of the encoder, the steering wheel can be obtained by comparing two output values of A and B, such as [8] . 
Software Design
PWM Pulse Generation
The micro controller is a microcontroller with 32 bits, the multifunction timer module FTM of which is a 16 bits counter whose main function is to generate a PWM output, which is like a timer interrupt, the initial value and final value need to set. There are three separate FTM modules in K10, FTM0, FTM1 and FTM2. You can select the appropriate module according to the actual running condition of the car, and the DC motor can choose any of as the output of PWM, but FTM0 doesn't has the function of orthogonal decoding and can't count when the car runs forward and reversely, while FTM1 and FTM2 can do orthogonal decoding, but each of them has only 2 channels and FTM0 has 8. The actual selection which set the relevant registers can be as long as the module in the control program, the system chooses FTM0 as the PWM counter pulse signal source. The PWM module can adjust and change the output frequency signal in order to meet the control requirement.
PWM Pulse Wave Output Configuration
The FTM module contains a number of registers, and we need to configure the corresponding registers for the output of the PWM pulse. The clock module to open the FTM through the SIM_SCGC6 register 24, 25, which opened the FTM0 and FTM1 module clock; the 3rd and 4th bits of FTMx_SC register are used to select the clock source of the kernel clock , and the corresponding configuration is 01, the clock frequency depends on the first three and the frequency will be calculated automatically according to the actual need; the FTMx_CNT register is used to set the start value of the counter, generally starting with a value of 0, the same as FTMx_CNTIN register; the FTMx_MOD register is used to set the maximum value of the counter, which means setting the PWM output cycle of the PWM and it is automatically calculated in the program. If you want to configure the operating status and mode of the corresponding channel, it is necessary to set up the FTMx_CnSC register, the 2nd and 5th bits of which are used to set operation mode. The most important one is FTMx_CnV register, which is used to store the value of the channel count. The PWM output duty cycle is adjusted by setting the 0-15 bits of the register. In the system, the default clock source is the system bus clock 48mhz, and one system can only use several channels of the setting of modules in the channel, for different duty cycle settings at the same frequency.
PID Control
PID Control Principle
The actual speed of the car is not stable, and the car may swing left and right or speed up and slow down obtusely. We use PID algorithm to adjust the speed to make the car spend least time reaching destination. PID control algorithm is the speed deviation collected according to the proportion, integral and differential mode of regulation, its function is equivalent to a controller, such as the [9] , its principle is shown in Figure 4 , the r (t), c (t) and u(t) denote the set value of the system, the actual the output value and quantity control, easy to obtain the system deviation e (t) r (t) c(t) value minus. In the running process of the system if the system produces a deviation, the controller will give a appropriate ratio of P to reduce the deviation, and the system error is mainly eliminated by the integral I, so the degree of no error is improved, and the error signal transmission rate of system is adjusted by differential regulation of D. PID control improves the stability, efficiency and accuracy of the system [10] . In practice, the PID parameters need to be set according to the return value of the encoder and the driving conditions of the vehicle. 
Debugging PID parameters
The order of the PID adjustment cannot be changed, in which the integral adjustment needs to determine the integral time Ti and Td two parameters. At the beginning of the determination of the proportion of P, we need to set Ti and Td to zero to avoid being affected by the integration and differential termse, so that the PID regulation becomes a single P regulation. To start, the maximum initial values for the system can be set between 0.6 to 0.7 times, and P is being increased from 0 before the system begins to shock and then P is being decreased as the system shock decreases, until reduced to 0.6 to 0.7 times P is proportional gain P final value. Then determine the Ti, Ti will start the initial value is set to a larger constant, and decreases with the increase of Ti in the system before the shock, 1.5 to 1.8 times when the Ti value is the final value of I integral, the integral time constant Td is about 0.3 times the system shocks, but most of the time is 0. Finally, the differential terms in the system without load, with the load of debugging, after the completion of a comprehensive fine-tuning to achieve the best results can be.
System Verification
Speed Control System Simulation DC motor speed control system simulation is completed with Matalab, and the model constructed by its Simulink is shown in figure 5 . Speed control system simulation diagram is shown in figure 6 . It can be seen from the diagram that with the change of PID value, the system is more stable. In the case of racing wheel rotation, the encoder will be sent back to the host computer a column of sixteen hexadecimal numbers, the number of PWM can know the number of pulses. Motor idling, different PWM value encoder returns different values, and the values are generally larger. In practice, the relationship of the car speed and the PWM is shown in table 1. The encoder each turn issued 500 pulse encoder gear and axle gear ratio of the number of car 18/74, car wheel circumference 0.157m, according to table 1 the car driving formula of P/500* (18/74) *0.157, where P is the number of pulses per second encoder measured. 
Conclusions
System uses ARM K10 chip as the core of DC motor control and utilizes software programming to adjust and control the car's speed. The main way to control is to change the PWM pulse duty cycle to change DC motor steering and speed, while the PWM duty cycle needs to be adjusted according to the running state of the car detected by encoder in real time, making the drive circuit can control the DC motor in terms of different PWM signals. At the same time, the design of driving circuit system improves motor drive motor double bridge, efficiency, performance and reliability of PID control algorithm of the system has greatly improve. Finally, the speed regulation model is built and simulated by Matlab. The experimental results show that the speed of the intelligent vehicle will tend to be stable with the PID regulation.
